Abstract: Franck-Condon factors and r-centroids, which are very closely related to relative vibrational transition probabilities, were evaluated by the numerical integration procedure for the bands of the A 2 Π 3/2 -X 2 Π 3/2 , C 2 Σ -X 2 Π 3/2 and D 2 Π -X 2 Π systems of the isotopic SbO molecule and for the B 1 Π -X 1 Σ + system of the isotopic SbP molecule, using a suitable potential.
INTRODUCTION
Franck-Condon (F-C) factors are important parameters for every molecular band system, since they enter into the calculation of the relative band intensity, which is a significant source of information in quantitative spectroscopy, high-temperature chemistry, astrochemistry and cometary spectra. They are also important for the determination of the molecular structure, population of the vibrational levels in the upper electronic state involved in a transition, radiative lifetime, vibrational temperature and kinetics of energy transfer in stellar and other astrophysical atmospheres containing molecular species. On the other hand, knowledge of r-centroids has been found to be very useful in the discussion of the variation of the electronic transition moment with internuclear separation and in other molecular properties. Variation of r-centroids with band wavelengths (or wavenumbers) provides a useful bridge between experimental measurements, which are often expressed as a function of wavelength, and theoretical studies, which are often made in terms of internuclear separation. 1 Suresh Kumar et al. 2 reported that the SbO molecule is likely to be present in the atmosphere of K-type stars and in interstellar space. Spectra of the radiation from astronomical sources show many bands which are attributed to diatomic molecules. A number of lighter as well as heavier diatomic molecules have been detected in stellar spectra, the Earth's atmosphere, planets and in interstellar sources. Dealing with 300 diatomic molecules of known or of possible astrophysical interest, Sauval and Tatum 3 also reported polynomial expressions of partition functions and equilibrium constants of the SbH, SbO, SbF and SbP molecules. Based on estimates of the abundances of Sb, the phosphate of antimony is expected to be present in stars. Estimates of the relative abundances of these metallic species are of importance for the understanding of the evolutionary phases of the observed stars and are also essential inputs in the modeling of the stellar atmospheres of late type stars. Their relative abundances in the interstellar medium give estimates of stellar activity, such as supernovae, in the observed region.
To the best of our knowledge, there has been no reports on 
FRANCK-CONDON FACTORS AND r-CENTROIDS
Mathematically, one can write for the intensity I ν'ν" of a molecular band for an electronic transition in emission (ν'→ν") as (Straughan and Walker 4 ):
where D is a constant, partly depending on the geometry of the apparatus; N ν ' denotes the number of molecules in the vibrational level ν' of the upper electronic state, determined by the Boltzmann law; E ν ' ν " the energy quantum; q ν ' ν " the Franck-Condon factor; " ' ν ν r the r-centroid and R e the electronic transition moment.
The intensities of bands in emission of diatomic molecular are controlled by the value of the Franck-Condon factor, which is the square of the overlap integral between the excited state wave function and the ground state wave function.
where Ψ ν ' and Ψ ν " are the vibrational wave functions for the upper and lower states, respectively, between which the transition occurs. The r-centroid is a unique value of the internuclear separation, which may be associated with the ν'-ν" band and defined as:
For a proper understanding of the intensity distribution in the band systems of molecules, it is necessary to choose a suitable potential. The potential energy curves for the appropriate electronic states of SbO, 123 SbP and 121 SbP have been constructed using the Morse 5 function and also by the Rydberg-Klein-Rees (RKR) procedure as modified by Vanderslice et al. 6, 7 It was found that the Morse function represents the potential for the states of SbO, 123 SbP and 121 SbP quite adequately, since the experimental (RKR) curves are coincident with the Morse ones. The Morse wave functions were calculated at intervals of 0.01 Å for the range of r, respectively, from 1.66 to 2.22 Å, from 1.67 to 2.47 Å, from 1.70 to 2.27 Å, from 2.00 to 2.54 Å and from 2.00 to 2.54 Å for every observed vibrational level of the A 2 Π 3/2 -X 2 Π 3/2 system of 123 SbO, the C 2 Σ -X 2 Π 3/2 and D 2 Π -X 2 Π systems of the 121 SbO molecule and the B 1 Π -X 1 Σ + systems of the isotopic 123 SbP and 123 SbP molecules. The computation of the Franck-Condon factor was made by the Bates 8 method of numerical integration as per the detailed procedure provided by Partal Urena et al. 9 Integrals in the Eqs. (2) and (3) for the F-C factors (q ν ' ν " ) and r-centroids ( " ' ν ν r ) were computed numerically and the results are presented, respectively, in Tables I, II and III for Tables I-V . The molecular constants used in the present study were collected from the compilation of Huber and Herzberg 14 and they are entered in Table VI.   TABLE I . Franck-Condon factors, r-centroids and wavelengths of the A 2 Π 3/2 -X 2 Π 3/2 system of 123 SbO Since r e ' > r e ", the r-centroids values increase with increasing wavelength, which is expected in the red degraded band system. The Franck-Condon factors of the band B 1 Π -X 1 Σ + system of 123 SbP and 121 SbP species indicate that the following bands (0,0), (0,1), (0,2), (0,3), (1,0), (1,1), (1,3), (1,4) , (15), (2,0), (2,2), (2, 5) , (2, 6) , (2, 7) , (3, 0) , (3, 4) , (3, 7) , (3, 8) , (4, 1) and (4, 3) are intense (F-C factors > 0.1), while all other bands are weak.
Since r e ' > r e ", the r-centroid values increase with increasing wavelength, which is expected in the red degraded band system. was found to be constant (≈ 0.01 Å) for a given sequence, then it can be interpreted that the potential curves are not wide. In the present study, the sequence differences of all the considered band systems were found to be constant and are about 0.01 Å, which suggests that the potentials are not wide. 
The intensity ratio of the corresponding bands of isotopic molecules gives the abundance ratio of the molecules. 4 As the intensity is proportional to the Franck-Condon factor, Franck-Condon factor ratios also reflect the same.
From the present calculations, a Franck-Condon factor ratio of the isotopic species 123 SbP and 121 SbP of 1:0.9996 for the (0,0) band of the B 1 Π -X 1 Σ + system was obtained. The Franck-Condon factors ratio shows that the probability of transition and occurrence of isotopic molecules 123 SbP and 121 SbP are more or less the same in the same environment and allied sources. Franck-Condon фактори и r-центроиди, који су уско повезани са вероватноћом релатив-них вибрационих прелаза, одређени су нумеричком интеграцијом за траке A 2 Π 3/2 -X 2 Π 3/2 , C 2 Σ -X 2 Π 3/2 и D 2 Π -X 2 Π система изотопског молекула SbO и за B 1 Π -X 1 Σ + систем изотоп-ског молекула SbP, помоћу погодног потенцијала. 
